At present, the training of university students and the specialization of professionals are accompanied by a series of educational tools based on digital environments and applications for specific areas in education; In this process of application of the technology exists a methodology called Serious Game oriented towards some specific areas like Simulation in subjects of building and construction; Since this field is new in higher education, there are not many specific applications, such as the case of emplantillado for simulation of constructions using adobes reinforced with cane. The objective of this study is to demonstrate that the Serious game methodology, oriented to the teaching the course of the Preliminary Works of the Faculty of Architecture, can improve students learning and optimize their skills for the emplantillado in construction systems using the application for iPad. The application has been tested in a group of twelve students who were part of the experimental group in relation to the execution time, attempts made and qualification obtained; In contrast to evaluate the time to solve the test for emplantillado into de groups that performed the same exercise; an ANCOVA was used to evaluate the main effects and interactions to answer the null hypothesis. This ANCOVA model for balanced cases of type III includes a covariate that is correlated with the dependent variable and means on the dependent variables adjusted due the to the effect the covariate had on it.
INTRODUCTION
Over the years we see how technology, day by day, is improving our lives in some way or another. In recent years an increased interest in video games as a support in the process of learning and teaching is enabling the ability to develop technological tools based on games that go beyond the traditional methods applied to traditional education.
These days, the new generation of young people who grew up with technology using a digital native are in virtual environments such as videogames, networks and environments that interact with the Internet. The National Institute of Statistics and Informatics (INEI), publishes relevant information in its web portal. In this year the results of the evaluation were registered annually to the population of 6 and more years of age that makes use of the internet, according to reason of access and geographical areas. The result shows that the most commonly used access reason is "Search for information, communicate and entertain". Seeing the state of the population are, you can take the opportunity to use technological trends based Serious Games methodology to motivate the use of technology, both teachers and students, for a process of learning and skills improvement applications.
For students, the lack of space in environments such as workshops, laboratories or which require internships in person for a course and then be evaluated, complicates that can reinforce skills learned. That is why, students of the subject of preliminary works of the Faculty of Architecture are participants in this experiment using the iPad application to improve practice and easily develop their abilities to understand or reinforce the theme of emplantillado without Need to go to their Construction Workshop and thus achieve better results in their learning.
BACKGROUND 2.1 Serious Game in Teaching
Several proposals made with the Serious Game format were developed in different platforms such as Web, Mobile, Augmented Reality, Virtual Reality, Unity, WebGL and BIM for different areas of studies such as Medicine, Arts, Mathematics and others. In the case of architecture, proposals from different authors [1] , [2] , [3,] , [4] have been found that investigate the learning environment. In [1] he proposes the teaching of principles and practice of sustainable building designs through an application, so he then shows through an experiment with 17 students that his proposal is usable, attractive and useful for students to learn under A non-traditional teaching. In [2] he proposes a virtual construction game called Simulator-3 (VCS3) developed and implemented to involve students in an active learning environment simulating the planning and management of construction projects. Unlike [3] , it proposes to address interoperability between games and architectural visualization models in education; Demonstrating with its prototype of BIM the integration of the model and architectural visual training, which provides a variety of connection between topics such as building modeling, computer simulation and modeling visualization with animation. On the other hand, in the field of engineering, Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from Permissions@acm.org. architecture and computer science, it can be understood that all of these proposals, mentioned by the authors, are directed to learning through an application, but in [4] it proposes that it is important the programming for an architect very different from just knowing how to manipulate a specific software that allows to support the learning process and the consolidation of the same through practices. Also, the methodology of teaching in the field of architecture is being modified from the way of conceiving the architecture currently in contrast to previous years. To this, we can add the limitation that many professionals have in the development of their technological capabilities, their use, the application in their field of work in front of the constant evolution of computer programs and technological equipment.
Teaching the Emplantillado
In Peru there is a very common construction material that is adobe. Most of these materials are not prepared to withstand simian movements since the buildings are damaged or destroyed because of these earthquakes and generate considerable damages, especially in places where this type of material is still used because of the low cost and difficulty in accessing other types of materials such as aggregates and concrete.
This deterioration or destruction of the different buildings and material damages like humans can be avoided using building systems of houses with an earthquake-resistant design; Therefore, for the construction of this type of housing must have a criterion and respect the standard E.080 of the National Building Regulations and use some forms of reinforcement, such as retaining beams, meshes or geogrids or another system to improve quality Earthquake-resistant buildings. This is how the subject is developed called Preliminary Works, which aims to develop construction systems and their respective optimization. This subject belongs to the fourth cycle of studies that has a theoretical-practical and consists of four hours per week. [8] explains that in terms of the methodology of the subject, it develops in a parallel way the theoretical part as the field practice. In the first half of the course, theoretical classes are presented and soil analysis, adobe manufacture, emplantillado, trace, stake out and leveling are performed. The second part of the course is the one that requires a more intense activity that supposes a plus in the formation of the architect and a differentiating opportunity. In this part of the course, the students construct in a participatory way and with their own hands several modules, in plots of three by five meters approximately, in which they have the opportunity to put into practice the constructive techniques that they have learned in a theoretical way. This second part of the course is practiced almost completely in the construction workshop.
In addition, from the beginning students have to develop a research and design part of a project that uses some of the constructive techniques that are studied throughout the course which is perfected with the participatory work of the students group up to The conclusion of the project and implementation to demonstrate the benefits that are generated through new techniques or construction models. On the other hand, the difficulty in the application of the simulations is the lack of spaces of practice that allow to optimize the theoretical learning and to carry out the constructions like tests that is the so-called construction workshop. Since only students could be prepared by solving the exercises in papers as in any other subject, running the risk that they may not understand it in some cases.
CAPECAS
The concept of Serious game currently goes beyond being a simple game that are commonly used by all, currently there are many of them that have a specific purpose which is to Play and Learn [7] . While the creative part is taking on importance, the issue with which they are built remains of vital importance. That is why, given the growing need to train or teach people more differently. The demand for these games makes the majority of video game-related software companies are devoting themselves to the development of these. Under this premise, we proceed to show the phases that were followed for the creation of the game [7] and were:
• Phase 1: Choose the genre of the Game
The variety of game genres is wide, exist as genres of Shooting, Action, Strategies and etc. The decision we took was the simulation genre, as it is complemented by the target audience that are the Teachers and Students.
• Phase 2: Choosing Graphics Style
The artistic style is very important depending on the type of audience of the players who will have it, taking into account that for this situation would be students of 4th cycle, which is why they chose a style of 2d for ease of learning.
• Phase 3: Learning Elements
In addition to providing an attractive game and in order to ensure an effective learning experience, it is important that players understand the concept of the game, functionalities and associate them with the subject we are trying to teach.
• Phase 4: Game Play
The last phase of the creation of a Serious Game, is to show the final result of the previous phases. CAPECAS is the result of all the analysis, tests, being an educational game that includes many exercises in 3 levels categories. The player can control the blocks and place them in their respective area and then with the application check if it is the correct solution.
Design and Development

Learning Objectives
The objective of the game is that the undergraduate students of the subject of Preliminary Works of the Faculty of Architecture improve their learning of the construction plan through the exercises to be solved in a virtual environment with IPad. In addition, generate spaces for students to develop their ability to analyze and propose a solution to problems or exercises proposed with a series of attempts to achieve a score in relation to their performance. Finally, students should optimize the average time, attempts and grading through the use of the application.
Game Design
The game was implemented as a mobile application for IPad. While the monitoring or management of results was done in a Web way, in which teachers can consult whenever they wish. (See Figure 1) For the development of the mobile and web application a flow was created about the operation of both applications with the users (See Figure 2) . Being the mobile application directed to the students so that they can practice the subject of Emplantillado and the web application directed for the teachers so that they can visualize the results of the students.
· First
Step:
The students start the application called CAPECAS, where they will be guided with instructions on how the game is used. Therefore, they will start the game and develop the exercises that are activated for them. Since teachers are the ones who create the levels.
· Second step:
At the end of the development of an exercise and keep the intent. You will get the results that are being managed based on 3 Indicators. Time, Score and Number of Attempts. E Internally the information will be ready to be stored in our database that is hosted on the Internet.
· Third step:
The information with the results of the students travels through the internet stored in our Database. Which is consulted by the teachers in the Web Application developed for them.
· Fourth step:
Teachers, by entering the Web Tool, created for them, will be able to see through diagram charts the results of their students both by section and individually. And so they can make decisions about it, either improving the course in that subject or supporting a particular student.
The Game
CAPECAS is a Serious game in which the student has the objective of completing all the exercises that are assigned to him.
Step before starting the game, it must register in the application and wait for the teacher in the Web Platform to enable access. (See Figure 3) .
The student, when he already has his access, will have to choose the exercise that is enabled by the teacher, prior to the development of an exercise, will be indicated some guidelines that must remember or take into account before the development of the exercise of the planning.
The challenge of the game is to complete the exercise in less time and fewer trials. This is programmed for the seventh attempt to be enabled the option to see results. In order to be able to complete the level, students have to identify well what could be the appropriate solution by applying their concept of Construction Engineering according to Technical Standard E.080 Building in Peru (See Figure 4) . The game becomes more complicated when it completes the levels, since these levels will be controlled by the teachers and they choose the complexity at the moment of creating them.
On the other hand, it should be mentioned that the course coordinator can only create the exercises from the device. (See Figure 5 ).
The game does not have in mind to replace the course or the traditional way of practicing the Plantation with real adobes; The objective is to provide support based on simulations so that students can perform the practices outside the class schedule and at any time with a mobile device such as IPad; In addition, make a series of attempts to facilitate their learning, develop their skills for the implementation of constructions applied to concepts learned in classes, and apply effective solutions for real-life scenarios. 
Technical Details
The application of the game was developed in the programming language Swift 3 in IOS 9.3 with support of the Alamofire Framework for the consumption of web services; While the Web platform was developed in C # programming language with the .Net Framework.
Swift 3 was chosen for the following considerations:
• Development tool natively for Apple devices.
• Has a project creation format that is Game, in which Sprite Kit was used.
• Efficient Programming Language.
The choice of .Net is due to the following considerations:
• Development tool with ease of creation of Web Pages.
• Easy implementation of Web Services.
The web application is available on the internet for use by teachers and the mobile application will soon be available in the AppStore store for easier access for students and can use it everywhere internet access.
VALIDATION 4.1 Experiment
Subjects
The subjects to be evaluated are a total of 50 students in both sections (A and B) of the Preliminary Works course, between 18 and 20 years. In section A are 17 women and 8 men, while in section B are 15 women and 10 men. Student participation in the research was selected under simple random sampling, which did not affect the grades and classes of the students.
Process
The test was carried out in salons of the Peruvian University of Applied Sciences. In section A, each student went to his folder that contained a printed sheet with 7 exercises on the emplantillado. They were explained the procedure to carry out the exercises, as well as not to look aside and take into account the time of 30 minutes so that they can solve the exercises presented (It has been considered that the students already know the concepts of the course). The objective of solving the exercises in paper was that it presented / displayed to him the templates of the exercises and the students can draw in the right part the solution of both threads in two spaces in white.
Each student was asked to read the instructions contained in the CAPECAS application. They were then instructed to log in and choose an exercise in the game. The objective of the game was to select the blocks that were in the left part to locate them in the exercise templates. The specific tasks of the participants were to resolve the exercises in the shortest possible time, since for each wrong attempt they will decrease the grade. In the note metric, each student will start with a 20 note, but for each wrong attempt a point will be taken, if already depends on them to continue playing with each level. After 7 attempts you will see the option to see result.
Game Metrics
For the evaluation of the game we had to analyze about the average time that the students spent in solving each level. In order to do so, we made an advanced statistical analysis including 2-N level predictor for fixed factors, 2I/R-level predictor for the covariates, and 1 I/R-level criterion variable (DV=Dependent variable), those analysis according to the Analysis of Covariance ANCOVA for a type III.
The metrics are:
• Time: The time it takes the student to solve an exercise (DV).
• Number of Attempts: Number of Attempts that student will have for each failure that he sends to review (covariance).
• Note: Qualification note that the student will obtain at the end of the exercises (not includes into the analysis).
Results
The statistical result of the mobile led to the improvement of learning for a constructive process of the subject Preliminary Works of the Faculty of Architecture. The result shows improvement in the reinforcement of the practice in the students using the application for IPad taking into account the average time of execution of the seven tests, the attempts made and the obtained qualification.
The statistics method applied was the covariance analysis (ANCOVA) is a statistical control technique that allows the elimination of the influence of variables not included in the design as factors and have not been subject to experimental control; in a design for balanced cases type III. In a randomly selected sample with a normal distribution, which analyzes possible effects: the main effect of each factor (A = Treatment group: Control and experimental, B = Task: 1 to 7) and the interaction between the two factors (AB) marginally or orthogonally for n1 = 12 and n2 = 12.
The research considered hypothesis tests to compare the means (time and attempts) of the contrast of both groups to determine the difference in learning considering the means of execution and response. The test of inter-subject effects of the factors: group and test for time contrast is statistically significant (Sig = 0.000). This significant p-value says that the IV group and test are significant predictors of scores on the DV time shown in table 1, resulting a different average time between the control and experimental groups. The test of effects for the test and the contrast of time is significant (Sig. = 0.000); Therefore, for the interaction of factors, the significance (Sig. = 0.000) shows differences in the averages of both factors. In addition, the coefficient of determination is 0.617, which explains the time by the factor AB.
On the hand, using ANCOVA instead of ANOVA, to have a different point of view including covariates, the table can show the F-test value for the DV time is longer significant. This tells us that once we take into account the effects of time of solving the Emplantillado using the IPad with the serious game to learn that subject explained above is explained and longer significant with the average of attempts, the group of students and the kind of test used and planned by the teacher. It means that the model as a whole was still significant (Sig. = 0.000), and it is possible to predict the time to solve the task from these variables as shown in table 2. The test of inter-subject effects of the factors including covariates: group and test for the contrast of the number of attempts to solve tasks, is statistically significant (Sig = 0.000). Resulting in a different mean of attempts between the control and experimental groups. The test of effects for the test and the contrast of attempts is significant (Sig. = 0.000). Resulting in different averages for groups. Finally, in the interaction of factors, the significance (Sig. = 0.000) indicates differences of both factors related to their mean. In addition, the coefficient of determination is 0.836, which explains the average number of attempts by the AB factor.
Analysis / Discussion
In general, these results suggest that the application for IPad Serious game for the virtual practice of the emplantillado in the construction system of reinforced adobe with rod is an effective learning tool. The statistically significant difference between the means of the two groups confirms the educational value of the application for the increase of problem solving skills and creative thinking ability, which are fundamental to solve the real world challenges in the field of Architecture and other careers.
Being as I measured before the results of each metric were: 
CONCLUSION
In this paper we have described the development and evaluation of a Serious Game for the virtual practice of emplantillado in the construction system of reinforced adobe with cane. Seeing that the studies of other authors have much similarity with the research done in the aspect of analysis of results.
The proposed proposal was directed only to students of the Preliminary Works Course of the Faculty of Architecture being the course benefited with this tool that accompanies the course but are not intended to replace if not a plus.
The results of a study with students of the mentioned course showed that the game helps in the practice or reinforcement of complex exercises previous to some written evaluation by the teachers.
In order to interpret the results, read along the group*test, this provides the statistical significance value (Sig. = 0.000) of whether there are statistically significant differences into the time solving the emplantillado problems without the IPad and the serious game between the group using the application for IPad.
